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Man-Made Precious Stones 
Efforts of the Past and Present To Produce Synthetic Rubies, Sapphires, and Even Diamonds 

By C. M. Lewis 

F OR almost a century, 
chemists have been try

ing to manufacture precious 
stones, finally succeeding to . TABLEAU Df.S D l FFERENTES TAl llES ou RUB'S" 
such a marked degree thn t 
only the experienced eye of 
the lapidist can distinguish 
between the natural gems, 
which come from mines, and 
the "scientific" stone, as it 
is sometimes called, which 
is produced in the labora
tory. It  is  interesting to fol
low the series of experi
ments by which this process 
of manufacturing precious 
stones has been perfected. 

was placed in a platinum 
crucible and stood up in the 
center of a revolving tray, 
where the flame from an 
oxidizing blow-pipe brought 
it to a temperature of 1,800 
degrees. Then small bits of 
ruby were added. These 
particles liquefied, united 
and recrystallized in a mass 
which could be cut. This 
work required, of course, 
great skill, since there was 
great danger of the crystals 
being splintered in the 
cooling. Rubies made by 
this process cost as much 
as 12 francs a carat. But 
they were so like the "real 
thing" that when they were 
sent to German, American 
and Indian markets, they 
were sold back to Parisian 

With the exception of the 
diamond, which is  composed 
of pure carbon, most pre
cious stones are composed of 
aluminum, whose uncrystal
lized hydrate silicates or 
clays are quite commonplace 

A display of the different shapes in which rubies are cut for use in jewelry 

substances. Crystallized aluminum, or corundum, on 
the other hand, occurs much less frequently. Some
times it is white or colorless, and sometimes different 
metallic oxides give it color and brilliancy. Our pre
cious stones, the ruby, the sapphire, the emerald and 
the topaz, are natural specimens of corundum, red, 
blue, green and yellow. 

The first attempt of the chemist to reproduce these 
precious stones was made by liquefying aluminum, 
adding a colorant and then causing its crystallization 
by a cooling process. As early as 1837 Gaudin, and 
later, in 1850, Senarmont, worked out the composition 
of corundum. At about the same time, Ebelmen, direc
tor of the Manufacture Nationa.le, at Sevres, made 
microscopic crystals of ruby by heating a crucible con
taining aluminum, boric acid and chromium in a porce
lain oven. A little later, Henri Sainte-Claire Deville 
and Caron, by utilizing the reaction of anhydrous boric 
acid vapors on the fluoride of aluminum, succeeded in 
making rubies in the form of thin crystal-like scales. 
Again, in 1865, Debray and Hautefeuille undertook the 
problem. But it  was 1\1. Fremy, with his two assist
ants, Feil and Verneuil, who at last succeeded in work
ing out a satisfactory solution. This was' accomplished 
by a most remarkable series of experiments conducted 
from 1877 to 1890. 

The first method used by Fremy and Feil was to form 
an aluminate of lead. This aluminate was then de
composed to free the aluminum and produce its crys
ta llization. Rubies were produced by adding bichro-

mate of potassium to color the crystals red ; or, a 
little cobalt oxide was used as a colorant to make 
sapphires. But the crystals were still too scale-like 
and fragile to be used by jewelers. In a second series 
of experiments, Fremy and his second collaborator, M. 
Verneuil, brought about the crystallization of alumi
num at high temperature by utilizing the action of the 
fluoride of barium in the presence of potassium. Due 
to an accident a little air was allowed to circulate in 
the crucible, and as a result beautiful rhomboid crystals 
were formed-rubies as clear and brilliant as those 
found in mines and solid enough to be cut. Rut the 
crystals were still too small to be used as j ewels. 

It was about this time, in 1882, that Diener Wyse 
displayed in Switzerland rubies of such brilliancy a s  
t o  create a sensation among lapidists. It  is believed 
that he made them by combining bits of natural ruby 
by fusion. Although they were fragile, he sold them 
for as much as 100 to 150 francs a carat. According to 
Friedal, these crystals had all the properties of the 
natural ruby, except for the appearance of gaseous 
bubbles and a little lighter density. When they were 
examined in the spectroscope they showed the same 
absorption bands as appear in the natural ruby. A 
little later, the chemist Maich succeeded in making 
ruby in large blocks, but his product did not possess 
the clear transparency of the natural ruby. 

About 1895 another I<'rench scientist, Michaud, put on 
the market a "scientific" ruby and commercialized 
the process of its manufacture. First, a small ruby 

j ewelers for nahiral stones ! 
M. Verneuil went on with his experiments in collab

oration with his pupil, Paul Maquier. 
In Verneuil' s  process, first of all alum is calcinized 

and usually salt of chromium is added, which, accord
ing to its degree of oxidation, will color the resulting 
crystalline sediment red or blue. This mixture is 
sifted , through a fine sieve. Pulverization is ef
fected automatically by means of a very simple device. 
Flat brushes are fastened to the handles of horizontal 
levers, a little motor turns them inside the sieve, and 
the sediment is thus forced through the holes. The 
powder enters a little reservoir fitted to the upper part 
of a gas j et. A mallet operated by an electro-magnet 
taps at regular intervals on the cover of the reservoir, 
causing the aluminum, now pulverized, to pass through 
a grating and to fall in the tube to a pipe which opens 
near the lower hole of the reservoir and leads from 
the oxygen compressed in steel cylinders. The workman 
opens the spouts of these reservoirs slightly to obtain 
a temperature of 1,800 to 2,000 degrees. In each of 
the gas j ets the current of gas draws the powdered 
aluminum across the flame, and it is transformed into 
tiny incandescent drops, some of which fall into a 
platinum cup surrounded with a fire-proof clay cover
ing to prevent the loss of heat. This insulating cover
ing is in two parts which can be brought together, with 
an opening left in the center where the experimenter 
can watch the work. As the aluminum cools, it crys
tallizes and the block of ruby becomes larger. Each of 
the gas jets makes, on an average, ten carats an hour, 

Left : A battery of furnaces for the production of synthetic sapphires as employed in a French artificial gem factory. Right : A battery of furnaces employed in the production of artificial rubies 
Some of the apparatus employed in the making of synthetic sapphires and rubies 
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L.jt : Electric arc furnace employed by Moissan in the production of his synthetic diamonds. shown dismantled. with the cover and the crucible resting .on the table. Right : Polishing the synthetic . 
gem by holding it against a revolving bronze disk covered with wet rotten stone 

Electric furnace employed in the production of artificial diamonds and the polishing of the synthetic stones 

and the blocks of ruby can be made as large as 80 
carats. 'Vhen the blocks have reached the desired size, 
the flame is extinguished quickly. This sudden cooling 
gives the stone a temper and facilitates the breaking 
of the mass. 

When the fusion has been accomplished without acci
dent, pieces of the ruby are easily broken off with 
pliers, and, because of the temper, the break is clean 
and sharp. Otherwise the stone splinters and disfig
uring cracks occur. The particles thus broken off must 
then be cut into various shapes and polished. 'l.'hese 
two operations are very similar. The ruby is set in 
a kind of cement on the end of a stick. For cutting, 
the workman presses the stone against a copper grind
stone covered with coarse powder. After it has been 
cut to the desired shape and size to give it  brilliancy 
and transparency it is pol
ished by rubbing it against 
a bronze ' grind-stone pow
dered with wet rotten stone. 
One of our illustrations 
shows the most popular 
forms of cut rubies. 

a chemical composition which has a density and dura
bility very little like that of the natural sapphire. The 
scientific ruby, on the other hand, is  almost identical 
to the mined ruby. The layers of crystallization are 
as clear in the man-made ruby as in the natural stone ; 
air or gas bubbles are visible when examined under the 
microscope in both the real and the imitation stone. 
In fact, the eminent geologist Lacroix thinks it is  im
possible to distinguish between them with certainty. 

So much for the ruby and the sapphire. But it is 
the diamond which has batHed the scientist in his ex' 
periments. By innumerable processes has he tried to 
manufacture that most valuable and elusive of stones. 

The chemist l\1oissan has succeded in reproducing it, 
however, by uniting high temperature and strong pres

( Continued on page 56 ) 

A Water-Filled Hose That Controls ShalloW 
Rivers 

THE practicability of damming shallow rivers by 
means of a large hose filled with water has been 

demonstrated by Norwegian engineers. It has also been 
shown that this invention is of great practical value 
in molding concrete under water, making it possible 
in some cases to eliminate cofferdams -in building 
bridge foundations, etc. This method can -·be used for 
raising the water level in irrigation canals, for pro
tecting levees and river banks, for lumber drives, and 
for military purposes. 

To give an illustration of how this system works : It 
was decided to bank up and shut off a branch of the 
Randsfj ord Hiver, in Norway. The river bed at the 

Such was the state of the 
ruby industry when, in 1908, 
1\1. Louis PariS, a student 
at the Pasteur Institute, an
nounced that he had manu
factured a sapphire. Up un
til this time chemists had 
not succeeded in adding to 
aluminum any substance 
other than chromium, since 
aluminum threw off foreign 
substances in the process of 
crystallization. 1\1. Paris, 
however, added lime and 
magnesia to liquefied alumi· 
num to prevent its crystalli
zation, and then added co
balt as a colorant. The alu
minum, the colorant and the 
foreigu substance, finely pul
verized, were put in an 
oven and brought to a tem
perature of 1,700 degrees. 
After baking, the powder 
was placed in reservoirs, as 
may be seen in our illustra
tion, above heaters which 
operate on the same princi
ple as those used in the man
ufacture of rubies ; they dif
fer from latter only in cer
tain details of construction. 
In particular, a sheet-iron 
box ( instead of the fire
proof clay insulator ) insu
lates each step of the proc
ess, and has in it a red pane 
of glass through which the 
work may be watched. 

Laying out the water hose across a shallow river, preparatory to filling the hose with water so that it 
may dam up the river 

point selected consists of 
small stones on underlying 
ground of pebbles, gravel 
and clay. The bed was 
therefore leaky and could be 
readily washed away. The 
hose used was of cotton can
vas ; it was 150 feet long and 
40 inches in diameter. It 
was anchored by cables to 
stakes set in the bed of the 
stream, and the ends were 
anchored to the shores. One 
end of the hose was closed. 
A standard one-man dia
phragm pump, mounted on a 
military pontoon, was used 
to fill the hose, about 20 
minutes being required to 
fill the hose completely. 
After the big hose had been 
nsed 48 hours as a dam it 
showed that it served nearly 
as well as at the beginning .. 

This method has proved of 
value in raising the water 
level in sluggish streams 
where logs are left on the 
banks and shallow places. 
By the gathering of large 
masses of water above and 
their sudden release, artifi
cial tidal waves are cansed, 
releaSing the logs. 

The artificial sapphire, 
however, is not nearly so 
good an imitation of the 
natural stone as is the man
ufactured ruby. It is only 

The water hose dam filled and serving to hold back the river wat.er. Note the relative levels of the 
water on either side of the hose dam 

Foundation works and 
fords are rendered possible 
for short periods by repeated 
banking-np of the water. 

It has been shown that it 
is  possible to apply the same 
principle to the casting of 
concrete, and at the same 
time to avoid the washing 
out of the materials and the 
nse of cofferdams. A strong 
and flexible canvas covering 
is given the desired form, 
is lowered empty to position 
and anchored. The liquid 
mortar is then poured iQ. 
under pressure. 
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Millions of Dollars Sav�d ! 
Lapidolith is one of the decade's  great conservation 

- agents. It saves concrete floors. 
Concrete floors were crumbling away under use. They were throwing 
up sharp silicate, concrete dust which ruined machinery , bearings 
and merchandise, and ca�ed delay s  and slowed up production . 

Then caine Lapidolith -and it has saved 200 .000,000 square feet of 
concrete floors. 

the liquid chemical flushed on new or old concrete floors , thoroughly 
hydrates the cement or binder, 

SONNEBORN PRODUCTS and makes the mass granite

the durable Mill White. Washable, fire
resisting, of exceptional covering capac
ity .  Gloss, Flat and Eggshell, all colors. 

the modern wood preservative gives 
new life to old or new wooden floors. 

Stormtight 
the protective roof coating for all kinds 
of worn or new roofs. Saves labor and 
material cost of new roofs. 

hard so that it cannot crumble 
. or give up dus t.  . 

Are your floors untreated? Then 
save- needlc;ss expense - investi
gate Lapidolith.  

Larger areas treated under our 
supervision . 

Lapidolith is the original con
crete hardener - standard for ten 
years . 

W rile for killmon/a!., lap/dollzed 
concr<ie block and lilualure 

L. SONNEBORN SONS, Inc. 
Dept. I, 264 PEARL ST. , NEW YORK 

Now 

EIN'STEIN'S THEORIES 

320 pages, 12 1M .  12.00 net; b y  mail 12.15 

Do you understand Relativity and Gravitation?  
-the theories worked out by Einstein that all the world 
is discussing ? 

. 

Gain a good understanding of this intensely interesting 
subject from the new book. 
Compiled from the best material submitted by 300 authors 
in the competition for the Eugene Higgins Prize of $5,000, 
and edited by J. Malcolm Bird. 

It reads like the work of one author, yet contains a breadth 
of vision and range of viewpoint impossible for one author 

to attain. At all booksellers 

Scientific American Publishing Company 
233 Broadway, New York 

Man-Made Precious Stones 
( Oontinued from page 48 ) 

sure. In principle, his process consists of 
dissolving the carbon in iron brought to a 
temperature of about 3,000 deg. in an elec
tric oven, then iu cooling this solution 
quickly by plunging the crucible which 
holds it in water, melted lead or mercury. 
The outside surface of the mass, the first 
to solidify, becomes a rigid prison in which 
the cast iron, still liquid, cannot expand 
and will thus be submitted to great pres· 
sure. Liquid cast iron possesses the prop
erty of increasing in volume as it solidi
fies. The carbon, finding its space limited, 
instead of taking the form of graphite, as 
it does in iron melted in huge furnaces, 
crystallizes and becomes a substance like 
the diamond, with a much stronger density. 
The diamond made in this way is  then 
separated from the surrounding crust by 
the application of hydrochloric, sulfuric 
and nitric acids. 

clutch on the countershaft is deI-icted in 
engagement with the large countcrshaft 
driven gear. When in thi s  position we 
obtain a direct drive because it makes n o  
difference under these conditions which 
of the countershaft gears is engaged by 
the positive j aw clutch. The drive is di
rect from the engine end to the drive end 
of the main shaft because the primary or 
spigot shaft is clutched to the extension 
of the main shaft of which it  forms a part. 
On the lower gear ratios however, and 
when the reverse gears are engaged, it 
makes considerable difference in the speed 
reduction if one or the other of the con
stant mesh gears mounted on the counter· 
shaft is clutched t.o that member hecause 
on the lower speed and reverse ratios the 
countershaft comes in to use. Unless 
clutched to the countershaft by the j aw 
clutch, the constant mesh members revolve 
independently of it. 

In order to attain the high temperature 
necessary for this process, Moissan in
vented a special electric oven. This oven 
consists of two huge blocks of quick lime 
or magnesia, standing on end, but so ar· 
ranged that they can be laid one over the 
other. The lower brick has a longitudinal 
groove in which two electrodes are placed. 
Above the huge electric arc lamp which 
these electrodes make is  a crucible in 
which the substances are placed. When 
the heavy electrodes are brought together, 
the arc flashes on with an impressive 
noise. Long flames escape at the sides, 
throwing out blinding light. An enor
mous quantity of electricity is trans
formed into heat. The functioning of this 
furnace costs not less than four or five 
francs a minute ; so that the diamond 
produced in the laboratory costs very 
much more than the natural gem. For 
this reason the manufactured diamond is 
not popular. 

Needless to say, it  is  a far cry from a 
laboratory experiment to an industrial 
product. So long as precious stones are 
obtained more easily and at less expense 
from mines than from chemists' crucibles 
and electric furnaces, their manufacture 
will not become a thriving commercial 
industry. 

Compound Gearset Design 
( Oontinued from page 50 ) 

If the clutch member is shifted so that it 
engages projections on the face of the 
larger gear the lower speed will be se
cured on account of the great difference 
in diameter of the driving pinion on the 
primary shaft and the driven gear on the 
countershaft. Two shift members a re 
provided on the main shaft, the larger one 
of these giving the reverse ratio and the 
low speed, while the other one will give 
the second speed or direct drive j ust as 
in the usual three·spread transmission. 
For example, if the positive clutch is 
shifted over toward the rear end of the 
transmission until it  engages the smallest 
of the two countershaft driving constant 
mesh gears the ratios ordinarily provided 
by a gear box of conventional design are 
obtained, i.e., three forward speeds and 
one reverse depending on the location of 
the shifting gears on the main shaft. 

In the illustration showing the smaller 
countershaft driving gear clutched to it, 
the large shifting member on the main 
shaft is engaged with the small pinion 
on the countershaft that provides the 
slow speed ratio. If these gears are left 
in the position shown, and the j aw clutch 
member is shifted to the other extreme so 
that the large constant mesh gear is 
clutched to the countershaft we still have 
a low speed ratio but one that is  consid
erably lower than that previously ob
tained on account of the primary reduc· 
tion in speed obtainable by the differing 
diameters of the constant mesh gears then 
employed. In the illustration showing the 
high speed and intermediate shift member 
engaged with the proj ecting teeth on the 
face of the larger of the constant mesh 
primary shaft driving gears the j aw 

NEW BOOKS, ETC. 
A LABORATORY MANUAL OF ANTHROPOME' 

TRY. By Harris H. Wilder, Ph.D. Phil· 
adelphia :  P. Blakiston's Son and Co., 

_ 1920. 8vo. ; 193 pp. ; 43 illustrations. 
Simplified and revised from the author's 

working rul es in manuscript, this manual con
tains the adopted prescriptions of the Interna
tional Congress of Anthropologists, with the 
enumeration of instruments, and a descrip
tion of the mathematical methods in general 
use. Footnotes guide the student to the im· 
portant sources upon which the book is based. 
Part I .  treats of the measurement of bones, in
cluding the skull ; Part I I .  of the measure
ment of the body. Measurements of Indian 
skulls, and bodily measurements of female col
lege students are tabuhted in appendices. 

LABOR'S CRISIS. By Sigmund Mendelsohn. 
New York : The Macmillan Company, 
1920. 1 2mo. ; 171 pp. 
An employer here gives his views of the 

problem s of lahor which, as h e  remarks, now 
concern the welfare -of society more than of 
labor. The chief problem has . shifted from 
that of adequate wage to tha-t -of iuflated 
wage, and- from an oppressed suffering class to 
a militant one striving for economic domi
nance. He sdmits that the situation is In
tensified by the <>mployer himself. H e  advo
cates deep study of these questions at close 
range. The work i s  a level-minded presenta
tion of both sides of the shield, and is worthy 
of a wide reading. 

CHEMISTRY AND CIVILIZATION. By Aller
ton S. Cushman, A.M., Ph.D. Boston : 
Richard G. Badger, 1920. 8vo. ; 151 
pp. ; illustrated. 
Dr. Cushman, for ten years in charge of re

search work in the U. S. Department of Agri
culture and later in charge of the manufac
ture of explosives at Frankford Arsenal, has 
treated his present subject In a striking man
ner. Using the history of chemistry as a 
background, he builds up scientific achieve
ment as an edifice d evoted to the progress and 
welfare of h umanity. He has so written that 
the general reader as well as the student of 
chemistry may find edification In the narrative. 

LABORATORY ExPERIMENTS IN ORGANIC 

CHEMISTRY. By E. P. Cook, A.M. 
Philadelphia :  P. Blakiston's Son and 
Company, 1920. 12mo. ; 83 pp. ; illus· 
trated. 
Designed especially for use with Stoddard' s  

"Introduction to Organic Chemistry," t h i s  text, 
now in a second edition, presents experiments 
for a first course that illustrate and empha
size important methods of preparation of or
ganic compounds, show typical reactions for 
each class, and instruct the student in the 
d .. tails of laboratory work. The course has 
been followed with success In Professor Cook's 
classes at Smith College. 

AMERICAN RURAL HIGHWAYS. By T. R. 
Agg, C.E. New York : McGraw-Hill 
Book Company, 1920. 8vo. ; 139 pp. ; 
illustrated. 
"American Rural Highways" assumes famil· 

iarity with drawing and surveying, and pro
vides a good short course for agricultural en· 
gineers and students of agriculture. The re
lationship of highway improvement to national 
progress i s  made clear, and the p roblems of 
highway administration are set forth, with ac
cepted method s of design and construction , so 
that the student Is familiarized with the di�
tiuguishing characteristics and relative servo 
Iceability of the common types of road 
surface. 
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